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Monday, March 7, 2011 291a(Casq2 KO), the amplitudes of S2 and S1 were the same even at shortest S1-S2
intervals (Figure). This result suggests that calsequestrin is the primary
regulator of release refractoriness. To test this hypothesis further, we next
used myocytes from calsequestrin overex-
pressing mice (Casq2 OverX). Casq2
OverX cardiomyocytes exhibit signifi-
cantly depressed Ca release during S1 tran-
sients despite increased SR Ca2þ content.
Surprisingly, Ca release amplitudes during
the premature S2 stimulus exceeded S1 at
short S1-S2 intervals (Figure). Thus, either
too little or too much calsequestrin causes
loss of SR Ca release refractoriness. Sup-
ported by NIH-RO1-HL88635.1579-Pos Board B489
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Cardiac Ryanodine Receptor (RyR2) is a crucial determinant of Ca2þ availabil-
ity in myofilament activation and force generation. To investigate the impact
of RyR2 arrhythmia-related mutations on contractile function, atrial and
ventricular trabeculae and ventricular myocytes fromWild Type (WT) and het-
erozygous R4496C RyR2 mutant (RyRR4496Cþ/-) mice were isolated and
studied. Although under basal conditions contractility and Ca2þ-transient am-
plitude are normal, RyRR4496Cþ/- preparations show reduced inotropic re-
sponses to high stimulation frequency, isoproterenol and other experimental
interventions that potentiate contraction. The diminished inotropic response
results from a smaller Sarcoplasmic Reticulum (SR) calcium load after inotro-
pic stimulation than that of WT preparations. Moreover, RyRR4496Cþ/- muscles
have faster mechanical restitution and shorter recovery of the amplitude of
Ca2þrelease. In RyRR4496Cþ/- vs. WT myocytes sarcolemmal Ca2þ-fluxes
(ICa-L and INCX) and SR Ca
2þ-uptake are unchanged. We suggest that changes
in gating of the mutant RyR2 Ca2þ channel are directly responsible for these
observations. Fitting our experimental data for the R4496C mutation into a car-
diomyocyte model, where the RyR2 gating properties are represented by a four
state equilibrium and are modulated by luminal [Ca2þ] ([Ca2þ]SR), we predict
an increase in sensitivity to [Ca2þ]SR of both opening and closing channel tran-
sitions rates of mutant channels. Specifically, increasing [Ca2þ]SR-sensitivity of
closed-to-open transitions leads to SR-calcium depletion, blunted simulated
inotropic responses and faster mechanical restitution. However, for the model
to fully emulate our experimental results, [Ca2þ]SR-sensitivity of open-to-
closed transition also has to be increased, suggesting an effect of the
R4496C mutation on RyR2-deactivation and Ca2þ-release termination.
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Elevated spontaneous Ca2þ release from the sarcoplasmic reticulum (SR) Ca2þ
release channel (ryanodine receptor-RyR2) due to a gain-of-function of the
RyR2 defect contributes to contractile dysfunction and arrhythmias in heart
failure (HF). However, whether increased diastolic SR Ca2þ release can pro-
mote HF is yet unclear.
RyR2R4496Cþ/- mice associated with an increased SR Ca2þ leak and wild-type
(WT) littermates underwent surgery with (TAC) or without (Sham) transverse
aortic constriction. Transthoracic echocardiography was performed 1 and 3
weeks post-surgery. Hearts and lungs were dissected, weighed and normal-
ized to tibia length. Gross morphology and collagen content were examined
in paraffin-embedded heart slices stained with hematoxylin/eosin and picrosir-
ius red, respectively. Arrhythmias were monitored (24h) with radiotelemetry.
Data are presented as mean5S.E.M.
RyR2R4496Cþ/--Sham hearts exhibited no gross baseline changes in ventricular
structure and function and fibrosis compared to WT-Sham. 1 week after
TAC, WT-TAC mice showed concentric left ventricular (LV) hypertrophy with
preserved ejection fraction. In contrast, RyR2R4496Cþ/--TAC mice exhibited ec-
centric hypertrophy and significant deterioration of phenotypic changes asso-
ciated with the transition to HF, such as chamber dilation (LV end-diastolic
diameter;WT:-1.453%,RyR2R4496Cþ/-:19.753.6%,P<0.05) and reduced
ejection fraction (WT:61.753.2%,RyR2R4496Cþ/-:39.452.8%,n=14,P<0.05). 3weeks post-TAC, relative heart weight was increased in RyR2R4496Cþ/- mice vs.
WT-TAC (WT:9.450.3mg/mm,RyR2R4496Cþ/-:11.350.7mg/mm,n=13-23,
P<0.05). The HF phenotype in RyR2R4496Cþ/--TAC mice further aggravated
3 weeks after TAC, ultimately resulting in increased relative lung weight
(WT:1758%,RyR2R4496Cþ/-:101521%,n=16-20,P<0.05). Hypertrophy con-
tinued to increase in RyR2R4496Cþ/--TAC mice, while it saturated in
WT-TAC mice (LV mass;WT:65.258.1%,RyR2R4496Cþ/-:119513.3%,n=14-
21,P<0.05). Strikingly, RyR2R4496Cþ/--TAC mice did not die for a primary ar-
rhythmic death, but with a progressive electrical deterioration resembling an
electromechanical dissociation (mortality rate:60% 4 weeks post-TAC,P<0.05).
In summary, HF development was facilitated in RyR2-R4496Cþ/- mice after
pressure overload-induced hypertrophy. Thus, spontaneous SR Ca2þ leak per
se may be causally related to the development of HF.
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Increased L type Ca channel (LTCC) activity was proposed to induce Ca de-
pendent hypertrophy and heart failure by activating CaMK and calcineurin
(CaN) signaling. Previous experiments showed that upregulation of LTCC
activity induced profound cardiomyopathy. However, the enhanced Ca influx
did not activate CaN or hypertrophy; but led to necrotic myocyte death. We
hypothesized that reducing LTCC by genetic deletion of 50% of Cav1.2 would
be cardioprotective like b-adrenergic receptor or LTCC blockers. Surprisingly,
this deletion enhanced disease, CaN activation and hypertrophy. These
myocytes with reduced Ca current exhibited significantly increased diastolic
Ca. To further address these surprising findings we analyzed the Ca dynamics
of mice with a standard null allele crossed with a cardiac specific flox allele
(a1cf/-Cre), which led to an even greater deletion of the a1c protein in the
heart. Here we measured Ca handling dynamics in a1cf/-Cre mice. Twitch am-
plitudes were significantly reduced (50%) and relaxation time was prolonged
(16%). SR Ca load was reduced significantly (~25%). These findings may be
explained by increased diastolic SR Ca leak that we measured in myocytes
from a1cf/-Cre mice. Thus, the deletion of the a1c protein in mouse cardiac
myocytes leads to an increased basal [Ca]i by increasing Ca leak from the
SR. Interestingly, the CaMKII inhibitor KN93 completely reversed the effects
of the reduced LTCC: twitch amplitude and relaxation as well as SR Ca load
were rescued. These results suggest that resting [Ca]i and the gain in ECC
are increased to maintain contractility. This increase might drive hypertrophy
by activating CaN and CaMKII.
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Spontaneous sarcoplasmic reticulum (SR) Ca2þ release due to abnormal car-
diac ryanodine receptor (RyR2) function is thought to play an important role
in the genesis of arrhythmia by activation of delayed afterdepolarizations and
extrasystolic action potentials (APs). While the molecular and subcellular steps
linking spontaneous Ca2þ release to extrasystolic APs are relatively well estab-
lished and are known to involve Ca2þ-dependent depolarizing currents, the
multicellular mechanisms of generation of ectopic beats remain to be defined.
Because myocytes are electrically coupled, any depolarization signals that arise
in individual myocytes would be dampened due to dissipation of the depolariz-
ing currents into neighboring myocytes. Therefore, it is reasonable to propose
that a synchronization mechanism exists that temporally aligns spontaneous
Ca2þ releases in neighboring cells as part of arrhythmogenesis. In the present
study, we directly tested this hypothesis by examining synchrony of spontane-
ous Ca2þ waves and after-contractions in multicellular cardiac preparations.
Rat cardiac trabeculae preparations were loaded with the fluorescent Ca2þ in-
dicator, Fluo-4, and spatially resolved changes in Ca2þ were monitored along
with total contractile force at different pacing rates. Exposure of trabeculae to
caffeine (0.5-1 mM) and isoproterenol (1 mM) resulted in the occurrence of reg-
ular spontaneous Ca2þ waves and after-contractions. Spontaneous Ca2þ
waves occurred in most myocytes in the image plane with a high degree of syn-
chrony during sequential contraction-relaxation cycles. Interestingly, despite
their high synchrony, spontaneous Ca2þ waves led predominantly to sub-
maximal contractions and only rarely (>0.1%) gave rise to full-strength extra-
systolic beats. These results suggest that spontaneous Ca2þ release caused by
altered RyR2 function shows a high level of synchrony across cardiac tissue.
However, other factors beside spontaneous Ca2þ release synchrony are likely
to critically contribute to the generation of ectopic activity.
